There is considerable scope for further improvement of the performance of this filter. First, the excess loss of the FPS can be reduced to a level of <0.2dB through improved fabrication techniques. Secondly, there are a number of advantages to writing the Bragg gratings directly into the coupler arms. This would automatically avoid the splice losses currently incurred, and by writing both gratings simultaneously it can be ensured that they are identical and that the arm lengths are equal, minimising polarisation mode dispersion. A compact, low loss and environmentally stable transmission filter can be fabricated in which the polarisation rotation and balancing of the two arms may be simply achieved by twisting the fibre. In addition, this device allows the relaxation of the interferometric matching requirements that are present in the Michelson interferometer-based filter mentioned earlier.
Novel approach for increased dynamic range in optoelectronic sensing applications
A. Bonen, R.E. Saad, K.C. Smith and B. Benhabib
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A novel approach is proposed to significantly increase the dynamic range of optoelectronic sensors. The power of the light source is monitored in a dynamic intensity-control loop designed to perfom 'floating-point' measurements according to the attenuation in the optical path. The sensor acquires the combined dynamic ranges of the detector and light-source circuits.
Introduction: Presently, optoelectronic transducers seem to he the most appropriate for a wide range of sensing tasks. In particular, optoelectronic transducers that measure the light attenuation in an optical path are commonly used by robotic sensors [I-41. The performance of optical transducers, however, is limited by the electronic interface to the computer-control algorithm. Electronic interfaces presently available are generally imperfect in ways which limit the realisation of the sensors' goals.
From an interface viewpoint, the transducer is a communication channel which connects a transmitter to a receiver. However, unlike in other cases of optical communication, data generation in optoelectronic sensors occurs inside the channel and not in the transmitter. Moreover, the data itself are analogue in nature. These facts impose special demands on the receiver circuits; nonlinearities commonly used by digital-communication circuits (such as for increasing the dynamic range through automatic-gain control) are strictly forbidden in the analogue channel.
While dynamic range (DR) is a very important parameter for any sensor, it is particularly critical for sensors measuring optical attenuation. The light intensity at the receiving end of such sensors is a strong function of many parameters. For example, it is inversely related to the square of the distance between the transducer's transmitter and its receiver [3] . Thus, even a modest distance operating range of 1O:l would result in a 100:l range of light intensity at the receiver. This 20 dB optical power variation corresponds to a 40dB electrical measurement range. Other parameters, such as overall reflectivity and surface orientation, can cause the received light intensity to vary in an even more extreme manner. In fact, so extreme are the variations that it can be easily concluded that no fully-linear receiver circuit can possibly supply the required DR. Therefore, the DR of such sensors has, until now, been restricted by the DR of the receiver in the electronic interface. Proposed design: Our design of a modulated transducer interface (Fig. I ) incorporates a new method: namely 'dynamic transmitterintensity control' by which we eliminate the dependency in the receiver's DR and allow substantial widening of the sensor's DR. Unlike in conventional optical communication, the transmitter and the receiver for a sensory application are both subject to the same controller. The light-source intensity can be adjusted in real time; such that the light intensity at the receiver is adequate for measurement, This method results in an overall DR that is the sum of the DRs of the receiver and transmitter circuits. 10 BRICHENO, T., and BAKER, v.: 'All-fibre polarisation splitter/ A smart design can take advantage of the extended DR now available in the transmitter. the DR. However, the DR extension occurs in the transmitter only, and therefore we restrict our further discussion to an analysis of the transmitter circuit.
A few pseudo-arbitrary decisions had to be made for the construction of the prototype circuit presented in this Letter. For example, we chose 830nm as the operating optical wavelength, because a vast selection of optoelectronic components is available for this wavelength. Likewise, the proposed transmitter-circuit design is based on the use of a laser diode (LD). However, if desired, the driver circuit can be adapted to drive a light-emitting diode (LED) instead. The above, and the following choices of electrical components, are in no way unique, nor do they restrict the applicability of the design to any specific sensor.
Fig. 2 Laser-driver circuit
Laser driver: Fig. 2 shows the laser-driver circuit. The LD used is the Hitachi HL8312G. It is capable of emitting 20mW of optical power. The current driving the LD is composed of a constant biasing current and a modulated intensity current. The biasing current is driven through a transistor switch, and is set such that it induces just above minimal lasing from the LD. This minimises turn-on effects, and reduces temperature variations in the LD. The signal from the intensity-control circuit is modulated by another transistor switch. Two Zener diodes protect the LD from overdrive. The commands to control the two switching transistors are converted from TTL levels and supplied by the control circuit.
It is critical that the power supply connected to the receiver circuit is not affected by the high-current LD signal. Any such effect can cause the modulated signal to be picked up by the sensitive low-noise receiver circuit. Therefore, the -5V power source that supplies the LD current should be used in the transmitter circuit only.
Intensity control: The transmitter circuit, shown in Fig. 3 , operates as a closed loop for light-intensity control. A photodiode, integrated with the LD, provides feedback for the control by capturing a small portion of the generated light. A transimpedance amplifier biases the photodiode and converts its sample into a voltage signal. The gain of this amplifier is adjusted to allow the largest voltage span that will not saturate the later stages. A lowpass filter is used in the next stage to attenuate any highfrequency noise picked up by the transimpedance amplifier. This stage also incorporates an offset adjustment to set the zero level of the output intensity. Accurate adjustment of this zero level is essential for obtaining the maximum possible DR in the transmitter.
The control loop is periodically broken in the laser-driver stage by the modulation. To prevent this on-off switching from affecting the intensity control, we added a sample-and-hold circuit (S&H) ahead of the intensity comparator. About 3p5 after the LD is turned on, the S&H becomes transparent to the feedback signal.
This delay is needed to allow both the LD and the input stages to stabilise. When the LD is turned off, the S&H is switched to the hold state, and retains the 'on' feedback value until the next modulation cycle.
The comparator stage is the heart of the intensity-control circuit. Here, the feedback signal is continuously compared to the desired intensity, and any disagreement causes an adjustment in the signal relayed to the laser driver. The pole frequency of the lowpass filter sets the time constant by which new intensity command comes into effect, and therefore should not be too low. However, this frequency has to be under the modulation frequency, such that the comparator behaves as an integrator and smoothes out any intensity variations related to the light modulation. The maximum intensity command is matched here to the maximum current allowed by the laser driver by gain adjustment.
Circuit performance: The performance of the proposed circuit design was analysed by investigating the frequency response, noise, DR, and time-domain performance. The intensity command was taken from the output of a 12 bit D/A converter, and a square wave was used for modulation. Because the noise from the transmitter circuit proved to be negligible at any output intensity, the full 12 bit range was used in the intensity control.
The frequency response of the transmitter is limited mainly by the delay and slew rate of the operational amplifiers and by the delay of the S&H chip. Although the operation of the laser driver was still possible at frequencies up to SOOkHz, the intensity control lost most of its linearity above 200kHz. Thus, the use of a faster S&H chip and faster opamps with a higher slew rate is recommended for modulation frequencies above 10kHz. The 4096: 1 range of light power emitted by the transmitter works to increase the DR of the sensor by 72dB (electrical measurement). An even greater improvement in the DR is possible by using a higher precision D/A converter and S&H chip.
Application example:
The proposed electronic interface circuit was built and interfaced to an experimental robotic proximity sensor [4] . This sensor uses measured optical attenuation (in the paths from a single transmitter to eight receivers) to calculate the distance and orientation of a surface in relation to the sensor's transducer.
Measurements were acquired at various points within a range corresponding to 1-lO0mm distance and k30" orientation (a set of five measurements at each point). A IOmin warm-up period was allowed before taking measurements. Control of the LD output power was aimed at obtaining maximum SNR in the measurements. Therefore, for each set of measurements the LD output power was adjusted such that the received signals were as strong as possible without any of them being saturated. The measurements were repeated three times at roughly 24h intervals.
The measurements were digitised by a 12bit A/D converter, analysed, and yielded the following results: The noise level in each set of measurements was k1 LSB. Thus, the SNR was 66dB for the strong signals and as low as 32dB for weak signals. Measurements taken on different days had k2 LSB variation, reducing the above SNRs by 6dB. The added 1 bit noise was presumably a result of drifts and temperature variations in the interface circuits.
Conclusions:
A novel transmitter for a sensor interface was designed as a practical low-cost circuit for use by a variety of optoelectronic sensors. As shown by experimentation, the development and implementation of the proposed unique technique can double the dynamic range usually achieved by a conventional sensor interface.
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High alignment tolerance coupling scheme for multichannel laser diode/singlemode fibre modules using a tapered waveguide array A high alignment tolerance scheme for coupling a laser diode array to a singlemode fibre array using a tapered waveguide array as an intermediate coupling device is proposed. The numerical results show a 0.5dB lateral alignment tolerance of k6pm and maximum coupling eficiency of -8.6dB.
Introduction:
The most difficult problem in realising laser-fibre array modules for optical parallel interconnections is how to realise an efficient and high alignment tolerance optical technique for coupling a laser diode (LD) array to a singlemode fibre (SMF)
array. An attractive approach to passive alignment to obtain low cost and compact packaging is provided by the flipchip solderhump technique [I]. In this technique, the vertical positional accuracy required for laser alignment to fibre, which depends on control of the thickness of the deposited solder, can he achieved with the aid of standoffs provided on the substrate [2]. However, accurate lateral selfalignment without relatively precise initial positioning is very difficult because the small surface area of the laser chip does not permit a large number of large-diameter solder humps which guarantee repreducihle precision. From these points of view, a high alignment tolerance scheme for coupling the LD array to the SMF array needs to he investigated. For this purpose, a coupling scheme has been realised whereby a tapered waveguide array is placed between the LD array and the fibre array is proposed in this Letter. Combining the beam propagation method (BPM) and the effective-index method, the coupling characteristics of the LD into the waveguide are anaysed.
SI substrate Fig. 1 Coupling configuration using a tapered waveguide array LD/SMF array packaging scheme: A schematic diagram of the structure for coupling the LD array to the SMF array on a silicon substrate is illustrated in Fig. I . A tapered waveguide array is used as an intermediate coupling device located between the LD array and the SML array. To reduce the optical crosstalk between adjacent channels, the waveguides can he isolated from one another by trenches. Because the guiding structure on the terraced silicon substrate can he fabricated for the low-loss coupling of optical power from the waveguide to the SMF [3], silica-based waveguides on a silicon substrate are considered to he candidates for the proposed packaging scheme. The tapered waveguide geometry analysed is illustrated in Fig. 2 . We take n, as the effective refractive index of the tapered waveguide, and cx as the ratio of the effective refractive index of the negative-index waveguides to n,.
The principle of operation and the philosophy behind the high alignment tolerance in the coupling from the LD to the waveguide can he explained as follows. The negative-index waveguides designated by numbers 1 and 2 in Fig. 2 suppress the excitation of the higher-order modes in the tapered region for a highly misaligned input field, and the central negative-index Waveguide 1 reduces the coupling efficiency to obtain a larger alignment tolerance for very small misalignments. respectively. The modefield diameter of the SMF is assumed to he 9 . 8~. Using the dispersive curves of step-index slab waveguide, the calculated thickness of the output waveguide satisfying the single-mode condition is -3 . 8~.
